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 In the distributed transmit antenna MIMO OFDM system, each transmitting 

antenna has different frequency offset between each transmitting antenna  

and receiver due to the use of independent crystal oscillator. This paper 

proposes Polynomial-time algorithm for correcting the frequency offset in  

a received signal by maximizing the conditional average signal. The algorithm 

focus on reducing to interference and noise ratio of each subcarrier on 

the receiving antenna by frequency offset. The simulation result shows 

the performance of the proposed algorithm is slightly improved compared with 

the existing frequency offset correction algorithm, and the complexity is 

reduced by 50% or more. 
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1. INTRODUCTION  

In the MIMO OFDM (Multi-Input Multi-Output Orthogonal Frequency Division Multiplexing) 

system [1-3], the difference between the local crystal oscillators of each distributed transmit antenna and 

the existence of multiple doppler shifts, causing different frequency offsets between each distributed transmit 

antenna to the receiver [4], inter-carrier interference (ICI) and system performance degradation. In recent years, 

this technology has also been gradually applied to MIMO OFDM systems mainly focus on antenna 

selection [5-8]. Antenna selection for MIMO-OFDM systems is based on subcarriers and subsystems. In order 

to combat multiple frequency offsets, the literature [9-11] adopts the equalization method to eliminate 

the frequency offset, but the performance of this method will degradate with increasing the offset frequency. 

In [4], a frequency offset correction algorithm for distributed transmit antenna MIMO OFDM is proposed, 

to improve the performance of the equalization-based frequency offset elimination method, which corrects 

multiple frequency offsets before equalization and reduces the interference caused by frequency offset [12-15]. 

The lower limit of the conditional average signal to interference and noise ratio (SINR, Signal-Interference-

Noise-Ratio) of the subcarriers on the antenna is the criterion correction frequency offset, but it has two 

disadvantages. the first, when the frequency deviation between the transmitting antennas increases, the lower 

limit of the conditional average SINR becomes more and more slack [4, 16, 17]. At this time, the frequency 

offset is corrected by maximizing the lower limit of the conditional average SINR. Conditional average SINR 

will produce a certain performance loss; the second, the algorithm needs to perform more trigonometric and 

inverse trigonometric operations, and the overall complexity is higher [18, 19]. 

In this paper a low complexity frequency offset correction algorithm proposed which directly correct 

the frequency offset by maximizing the conditional average SINR of subcarriers on each receiving antenna. 

In addition, analyses the receive antenna selection and signal processing algorithms based on MIMO-OFDM 
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systems. By using the function in the conditional average SINR expression Polynomial approximation, deriving 

low-complexity frequency offset correction analytic. Compared with the literature [4], the performance of 

the proposed algorithm is slightly improved, and the complexity is reduced by 50% or more. 

 

 

2. MIMO-OFDM SYSTEM STRUCTURE AND CHANNEL MODEL 

When the subcarrier-based selection method is adopted, in the antenna subset selection process of 

each subcarrier, a single carrier MIMO system is actually faced, so the antenna selection method of the existing 

MIMO system can be introduced into the MIMO-Antenna selection in OFDM systems. Since the CSI is fed 

back to the transmitter when the transmit antenna is selected, this is not feasible when the channel changes 

randomly, so the receive antenna selection is more attractive. In theory, the choice of the receiving antenna 

will reduce the rank of the channel matrix, which will inevitably lead to a decrease in the channel capacity. 

If the corresponding signal combining processing algorithm is combined after the antenna selection, 

this performance loss can be compensated. 

Figure 1 is a block diagram of the antenna selection at the receiving end of the MIMO-OFDM system. 

The signal received by the antenna selects an antenna to be demodulated by a specific antenna selection 

algorithm, and then recovers the information of the source through FFT, parallel string conversion, 

demodulation, and the like. 

 

 

 
 

Figure 1. Block diagram of antenna selection at the receiving end of MIMO-OFDM system 

 

 

2.1. Transmitting signal 

Investigate a MIMO OFDM system using the MT root-distribution transmit antenna and the MR root-

concentrated receive antenna. Assume that the number of OFDM subcarriers is K, so 𝑋𝑚
𝑘 (𝑚 =

1,2, … . , 𝑀𝑇; 𝑘 = 1,2, … . , 𝐾) that the information symbol carried by the kth subcarrier on the transmit antenna 

m. K-point fast Fourier inverse after transforming and inserting the cyclic prefix (CP, Cyclic Prefix), 

at the discrete time l, the time domain signal on the transmitting antenna m is. 

 

𝑆𝑚(𝑙) =
1

√𝐾
∑ 𝑋𝑚

𝑘 𝑒𝑗2𝜋𝑙/𝐾𝐾−1
𝑘=0 −𝑁𝑔 ≤ 𝑙 ≤ 𝐾 − 1  (1) 

 

Where Ng is the length of the CP and the Ng is equal to or greater than the sum of the maximum relative 

propagation delay between each transmit antenna and the maximum multipath delay of the channel [2]. 

 

2.2.  Frequency deviation model 

Due to the distribution of the transmitting antennas and the concentration of the receiving antennas, 

the distributed transmitting antennas use their respective local crystal oscillators, and the concentrated 

receiving antennas are used, a local oscillator [4]. Therefore, this paper assumes that the frequency offset 

between the same transmit antenna and the receiver antennas of the receiver is equal, and the frequency offset 

between different transmit antennas and the same receive antenna may be different. Let εm be the normalized 

frequency offset between the transmit antenna m and the receiver antennas of the receiver (the ratio of the true 

frequency offset to the subcarrier spacing). Similar to the literature [4], this paper assumes that in the same 

OFDM symbol period, in the system. The difference between the maximum frequency offset and the minimum 
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frequency offset is not more than half the subcarrier spacing, ie . Furthermore, 

assuming that εm remains constant within one OFDM symbol, it can randomly vary between OFDM symbols 

and can be accurately estimated by the receiver [20]. 

 

2.3.  Receiving signals 

It is assumed that the MIMO channel is spatially uncorrelated and has three characteristics of 

multipath Rayleigh fading, path loss, and shadow fading. Meanwhile, assuming that the channel remains 

unchanged within one OFDM symbol, the frequency of the kth subcarrier on the receiving antenna n is 

assumed. The domain signal is: 

 

𝑟𝑛
𝑘 = ∑ √𝑃𝑚𝐻𝑚

𝑘 Λ𝑚,𝑛
0 𝑋𝑚

𝑘𝑀𝑇
𝑚=1 + ∑ ∑ √𝑃𝑚𝐻𝑚

𝑞
Λ𝑚,𝑛

𝑞
𝑋𝑚

𝑞
+ 𝑤𝑛

𝑘𝑘−1
𝑞=0,𝑞≠𝑘

𝑀𝑟
𝑚=1  (2) 

 

Where 𝐻𝑘
𝑚,𝑛 is the frequency domain response of the small-scale multipath Rayleigh fading on the subcarrier 

k between the transmitting antenna m and the receiving antenna n, and n is a zero-mean complex Gaussian 

random variable with 𝐻𝑘
𝑚,𝑛 a variance of 1; Pm is the transmitting antenna m to the receiving The large-scale 

fading coefficient between machines, which characterizes path loss and shadow fading; 

 

Λ𝑚,𝑛
𝑘 =

sin (𝜋(𝑘+𝜀𝑚))

𝐾sin (𝜋(𝑘+𝜀𝑚)/𝐾)
𝑒𝑗𝜏(𝐾−

1

𝐾
)(𝑘+𝜀𝑚))

  

 

is the ICI coefficient [21]; 

 

𝐷𝑚
𝑘 = ∑ √𝑃𝑚𝐻𝑚

𝑘 Λ𝑚,𝑛
0 𝑋𝑚

𝑘

𝑀𝑇

𝑚=1

 

 

is the effective data item; 

 

𝐼𝑛
𝑘 = ∑ ∑ √𝑃𝑚𝐻𝑚

𝑞
Λ𝑚,𝑛

𝑞
𝑋𝑚

𝑞𝑘−1
𝑞=0,𝑞≠𝑘

𝑀𝑟
𝑚=1   

 

is the ICI interference; 𝑤𝑚
𝑘  is the zero-mean complex Gaussian white noise with 𝜎2

𝑤 variance. 

 

 

3. PROPOSED METHOD 

The receiver multiplies the received signal of each receiving antenna by exp (−
𝑗2𝜋�̃�𝑛𝐼

𝐾
)  

the frequency offset correction signal in the time domain to correct the frequency offset, where 𝜀�̃� is  

the normalized frequency offset correction value on the receiving antenna n [4]. The proposed frequency offset 

correction algorithm for maximizing the lower bound of the conditional average SINR (Pm,𝜀𝑚 and 𝜀�̃� based on 

the conditional average SINR) of the subcarriers on each receiving antenna, this paper directly maximizes 

the conditional average SINR of the subcarriers on each receiving antenna. For the target, after correcting 

the frequency offset and frequency offset correction, the frequency domain signal of the kth subcarrier on 

the receiving antenna n is: 

 

𝑟𝑛
𝑘(𝜀�̃�) = 𝐷𝑛

𝑘(𝜀�̃�) + 𝐼𝑛
𝑘(𝜀�̃�) + 𝑤𝑛

𝑘(𝜀�̃�) (3) 

 

where 

 

𝐷𝑚
𝑘 (𝜀�̃�) = ∑ √𝑃𝑚𝐻𝑚

𝑘 Λ𝑚,𝑛
0 (𝜀�̃�)𝑋𝑚

𝑘

𝑀𝑇

𝑚=1

 

 

and 

 

𝐼𝑛
𝑘(𝜀�̃�) = ∑ ∑ √𝑃𝑚𝐻𝑚

𝑞
Λ𝑚,𝑛

𝑞
(𝜀�̃�)𝑋𝑚

𝑞𝑘−1
𝑞=0,𝑞≠𝑘

𝑀𝑟
𝑚=1   

 

is the effective signal and ICI interference after the frequency offset correction; 
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Λ𝑚,𝑛
𝑘 (𝜀�̃�) =

sin (𝜋(𝑘+𝜀𝑚−�̃�𝑛))

𝐾sin (𝜋(𝑘+𝜀𝑚−�̃�𝑛)/𝐾)
  

 

is the zero mean complex Gaussian white noise 𝑤𝑚
𝑘  with 𝜎2

𝑤 variance. 

Assuming 𝑋𝑚
𝑘  that the zero mean is independent and identically distributed random variable with 

variance of 1, 𝐼𝑛
𝑘(𝜀�̃�) the conditional mean and conditional variance are [4]: 

 

𝐸[𝐼𝑛
𝑘(𝜀�̃�)|𝑃𝑚, 𝜀𝑚, 𝜀�̃�] = 0 (4) 

 

𝐸[𝐼𝑛
𝑘(𝜀�̃�)|𝑃𝑚, 𝜀𝑚, 𝜀�̃�] = ∑ 𝑃𝑚 (1 − (

sin (𝜋(𝑘+𝜀𝑚−�̃�𝑛))

𝐾sin (𝜋(𝑘+𝜀𝑚−�̃�𝑛)/𝐾)
)

2

)
𝑀𝑟
𝑚=1  (5) 

 

Thus, the kth subcarrier on the receiving antenna n is the conditional average SINR of: 

 

𝛾𝑛
𝑘(𝜀�̃�) =

𝐸[𝐷𝑛
𝑘(�̃�𝑛)|

2
|𝑃𝑚,𝜀𝑚,�̃�0]

𝐸[𝐼𝑛
𝑘(�̃�𝑛)|

2
|𝑃𝑚,𝜀𝑚,�̃�0]

=
∑ 𝑃𝑚𝑠𝑖𝑛𝑐2(𝜀𝑛−�̃�𝑛)2

𝑚=1

∑ 𝑃𝑚(1−𝑠𝑖𝑛𝑐2(𝜀𝑛−�̃�𝑛))+𝜎𝑤
22

𝑚=1
 (6) 

 

Since the number of subcarriers K is much larger than (𝜀𝑚 − 𝜀�̃�) , so 𝑘𝑠𝑖𝑛(
𝜋(𝜀𝑚−�̃�𝑛)

𝐾
) ≈ 𝜋(𝜀𝑚 − 𝜀�̃�) [22], then 

(6) can be reduced to: 

 

𝛾𝑛
𝑘(𝜀�̃�) =

∑ 𝑃𝑚𝑠𝑖𝑛𝑐2(𝜀𝑛−�̃�𝑛)
𝑀𝑟
𝑚=1

∑ 𝑃𝑚(1−𝑠𝑖𝑛𝑐2(𝜀𝑛−�̃�𝑛))+𝜎𝑤
2𝑀𝑟

𝑚=1

 (7) 

 

Among them 

 

𝑠𝑖𝑛𝑐(𝑥) = {
sin (𝜋𝑥)

𝜋𝑥
𝑥 ≠ 0

1 𝑥 = 0
 (8) 

 

From (7) that,𝛾𝑛
𝑘(𝜀�̃�) regardless of the subcarrier label k, the conditional average SINR of each 

subcarrier on the same receiving antenna is equal. For convenience, let: 

 

𝛾𝑛(𝜀�̃�) = 𝛾𝑛
𝑘(𝜀�̃�) (9) 

 

Thus, n the optimal frequency offset correction value that maximizes the conditional average SINR of each 

subcarrier on the receiving antenna 𝜀�̃�,𝑜𝑝𝑡 can be expressed as: 

 

𝜀�̃�,𝑜𝑝𝑡 = 𝑎𝑟𝑔𝑚𝑎𝑥�̃�𝑛
𝛾𝑛(𝜀�̃�) 𝑛 = 1, … . , 𝑀𝑅 (10) 

 

Since 𝛾𝑛
𝑘(𝜀�̃�) about incrementing ∑ 𝑃𝑚𝑠𝑖𝑛𝑐2(𝜀𝑚 − 𝜀�̃�)

𝑀𝑇
𝑚=1 , (10) can be simplified to: 

 

𝜀�̃�,𝑜𝑝𝑡 = ∑ 𝑃𝑚𝑠𝑖𝑛𝑐2(𝜀𝑚 − 𝜀�̃�)
𝑀𝑇
𝑚=1  (11) 

 

From (11), 𝜀�̃�,𝑜𝑝𝑡 it is difficult to solve the problem directly. The approximate polynomial of the function 

𝑆𝑖𝑛𝑐2(𝑥) is used to solve the problem. 

Select the approximate polynomial as a quadratic polynomial, using Lagrangian interpolation [23], 

then sinc2(x) in the interval [-0.5, 0.5] can be approximated as: 

 

𝑠𝑖𝑛𝑐2(𝑥) ≈ ∑ 𝑠𝑖𝑛𝑐2(𝑥𝑗)2
𝑗=0 𝑄𝑗(𝑥) −0.5 ≤ 𝑥 ≤ 0.5 (12) 

 

Among them,  

 

𝑄𝑗(𝑥) ∏
(𝑥 − 𝑥𝑡)

(𝑥𝑗 − 𝑥𝑡)

2

𝑡=0,𝑡≠𝑗

𝑥𝑗 =
1

2
cos (

(2𝑗 + 1)𝜋

6
) 𝑗 = 0,1,2 
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After the operation, the (12) can be written as: 

 

𝑠𝑖𝑛𝑐2(𝑥) ≈ 1 − 𝑎𝑥2 −0.5 ≤ 𝑥 ≤ 0.5 (13) 

 

Where a=2.5771. 

Substituting (13) into (11), there are: 

 

𝜀�̃�,𝑜𝑝𝑡 = 𝑎𝑟𝑔𝑚𝑎𝑥�̃�𝑛
∑ 𝑃𝑚𝑠𝑖𝑛𝑐2(𝜀𝑚 − 𝜀�̃�) =

𝑀𝑇
𝑚=1 𝑎𝑟𝑔𝑚𝑎𝑥�̃�𝑛

𝑓(𝜀�̃�) (14) 

 

Where 𝑓(𝜀�̃�) = ∑ 𝑃𝑚(1 − 𝑎(𝜀𝑚 − 𝜀�̃�)2)
𝑀𝑇
𝑚=1 . The first derivative of 𝑓(𝜀�̃�) the order is equal to zero,  

the stagnation point of 𝑓(𝜀𝑛) can be found as: 

 

𝜀�̃�,0 = ∑ 𝑃𝑚𝜀𝑚/ ∑ 𝑃𝑚
𝑀𝑇
𝑚=1

𝑀𝑇
𝑚=1  (15) 

 

Substituting 𝜀�̃�,0 into of 𝑓(𝜀�̃�), the second derivative with: 

 
𝑑2𝑓(�̃�𝑛)

𝑑�̃�𝑛
2 = −2𝑧 ∑ 𝑃𝑚 < 0

𝑀𝑟
𝑚=1  (16) 

 

Therefore, 𝑓(𝜀�̃�) reach the maximum value at 𝜀�̃� = 𝜀�̃�,0. 

 

𝜀�̃�,𝑜𝑝𝑡 ≈ 𝜀�̃�,0 = ∑ 𝑃𝑚𝜀𝑚/ ∑ 𝑃𝑚
𝑀𝑇
𝑚=1

𝑀𝑇
𝑚=1  (17) 

 

From (17), it is known that 𝜀�̃�,𝑜𝑝𝑡 is independent of the receiving antenna number n, so the optimal frequency 

offset correction value on each receiving antenna is the same, that is, 

 

𝜀1̃,𝑜𝑝𝑡 = 𝜀2̃,𝑜𝑝𝑡 … . = 𝜀�̃�,𝑜𝑝𝑡 = 𝜀�̃�𝑔,𝑜𝑝𝑡 ≈ ∑ 𝑃𝑚𝜀𝑚/ ∑ 𝑃𝑚
𝑀𝑇
𝑚=1

𝑀𝑇
𝑚=1  (18) 

 

 

4. RESULT AND DISCUSSION 

The simulation parameters as follows: 2 transmit 2 receive, QPSK modulation, information symbols 

𝑋𝑚
𝑘  are independent of each other; OFDM subcarrier number is K=128, CP length is Ng =32, subcarrier spacing 

is 20 kHz; small scale fading between pairs of transceiver antennas The channels are independent of each other 

and are modelled as a two-path gain-Rayleigh channel [24] with a two-path spacing of 392.623ns; 

the normalized frequency offset εm obeys a uniform distribution (ie, 𝜀𝑚~𝑈[𝑎, 𝑏], 𝑎, 𝑏 the values are given 

below), and 𝜀𝑚 and 𝜀�̃� are independent of each other at 𝑚 ≠ �̃� ; the large-scale fading coefficient Pm remains 

constant during the simulation, and the receiver adopts zero-forcing detection.  

Figure 2 shows the case where the symbol error rate varies with the frequency offset correction value 

ε2 of the receiving antenna 2 in two cases, where SIR =30dB, [-0.2, 0.2]. In case 1, the frequency offset 

correction value of the receiving antenna 1 is fixed as the sum point, where, case 2is the optimal frequency 

offset correction value, p=1,...,5. Fig. 1 shows that the error symbol rate in both scenarios is the smallest at 

the time, which indicates that the numerical results are consistent with the simulation results. 

 

 

 
 

Figure 2. The relationship between symbol error rate and frequency corrections received by antenna 2 
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Figure 3 shows the comparison of the sub-carrier theoretical conditional average signal-to-

interference ratio (SIR) after using the proposed algorithm, to correct the frequency offset (11). 

Here, the theoretical conditional average SIR is defined as: 

 

𝑆𝐼𝑅 =
𝐸[𝐷𝑛

𝑘(�̃�𝑛)|
2

|𝑃𝑚,𝜀𝑚,�̃�0]

𝐸[𝐼𝑛
𝑘(�̃�𝑛)|

2
|𝑃𝑚,𝜀𝑚,�̃�0]

=
∑ 𝑃𝑚𝑠𝑖𝑛𝑐2(𝜀𝑛−�̃�𝑛)2

𝑚=1

∑ 𝑃𝑚(1−𝑠𝑖𝑛𝑐2(𝜀𝑛−�̃�𝑛))2
𝑚=1

 (19) 

 

Where, 𝜀�̃� is value of the frequency offset correction. 

Figure 3 shows that the SIR curve of the proposed algorithm agrees well with the ideal algorithm, 

while the SIR curve of the existing algorithm is gradually lower than 𝜀2 − 𝜀1 the ideal algorithm as 

the frequency deviation between the two transmitting antennas increases. This is because with the increase, 

the condition 𝜀2 − 𝜀1 lower limit of the average SIR will be more and more relaxed [4]. At this time, correcting 

the frequency offset (the existing algorithm) with the criterion of maximizing the conditional average SIR will 

bring more obvious errors. 

 

 

 
 

Figure3. The subcarriers after correcting frequency offset 

 

 

Figure 4 compares the error rate of the proposed algorithm with the existing algorithm,  

where P1/P2=3dB, 𝜀𝑚~𝑈[−0.24,0.24]. Figure 4 shows the error sign after frequency offset correction.  

The performance of the rate is better than that of the uncorrected frequency offset, and the performance of  

the proposed algorithm is slightly better than the existing algorithm. 

 

 

 
 

Figure 4. Comparison of symbol error rates 

 

 

The complexity analysis is carried out, and the complexity of this algorithm is compared with  

the existing algorithm (i.e, [4]). The frequency offset correction value of each existing antenna on  

the receiving antenna is [4]: 
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{
𝜀�̃�,𝑜𝑝𝑡 =

1

2𝜋
𝑎𝑟𝑐𝑡𝑎𝑛

∑ 𝑃𝑚𝑠𝑖𝑛2𝜋𝜀𝑚
𝑀𝑟
𝑚=1

∑ 𝑃𝑚𝑐𝑜𝑠2𝜋𝜀𝑚
𝑀𝑟
𝑚=1

𝑛 = 1, … . , 𝑀𝑅

𝑚𝑖𝑛(𝜀𝑚) ≤ 𝜀�̃�,𝑜𝑝𝑡 ≤ 𝑚𝑎𝑥(𝜀𝑚)
 (20) 

 

This paper validate the complexity of the proposed algorithm based on [25]. According to (17) and (20), 

Table 1 lists the computational complexity of the proposed algorithm and the existing algorithm. 

 

 

Table 1 Comparison of the complexity with the existing algorithm [3] 
 Addition Multiplication Division Sine Cosine Constant Total number of operations 

Existing algorithm [3] 2(𝑀𝑇 − 1) 2MT 2 MT MT 1 6MT+1 

Proposed algorithm 2(𝑀𝑇 − 1) MT 1 0 0 0 3MT-1 

 

 

It can be seen from Table 1 that the total number of operations of the algorithm is 3MT-1 times, and 

the existing algorithm is 6MT +1 times. The algorithm of this paper is lower than the existing algorithm.  

At the same time, for any operation required to complete the algorithm, the algorithm needs the number of 

times is less than or equal to the existing algorithm. In addition, the existing algorithm requires MT sine 

operation, MT cosine operation and 1 arctangent operation. Defined 𝐶(𝑀𝑇) = (3𝑀𝑇 − 1)/(6𝑀𝑇 + 1) as  

the complexity ratio function of the proposed algorithm and the existing algorithm. Because of the first 

derivative of 
𝑑𝐶(𝑀𝑇)

𝑑𝑀𝑇
= 9/(6𝑀𝑇 + 1)2 > 0 , C(MT) is increasing with respect to the number of transmitting 

antennas MT tends to infinity. In terms of the number of operations lim
𝑀𝑇→∞

𝐶(𝑀𝑇) = 0.5, so the proposed method 

complexity is less than or equal to 50% of the existing algorithm.  

 

 

5. CONCLUSION 

In this paper, a multi-frequency offset correction algorithm for distributed transmit antenna MIMO 

OFDM is proposed. The conditional average SIR is maximized for each subcarrier on the receive antenna as 

the criterion to correct the frequency offset, by the function 𝑆𝑖𝑛 𝑐2(∗) in the conditional average SINR 

expression. The polynomial approximate method is obtained with low complexity frequency offset correction. 

Compared with the existing frequency offset correction algorithm, the performance of the proposed algorithm 

is slightly improved, and the complexity is reduced by 50% or more. 
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